An interactive system for computer analysis of nucleic acid and protein sequences has been developed for the Los Alamos DNA Sequence Database. It provides a convenient way to search or verify various sequence features, e.g., restriction enzyme sites, protein coding frames, and properties of coded proteins. Further, the comprehensive analysis package on a large-scale database can be used for comparative studies on sequence and structural horaologies in order to find unnoted information stored in nucleic acid sequences.
INTRODUCTION
For biological sequences, perhaps because there is neither the natural order of numerical data nor the patterns of natural language text, the computer becomes an especially potent aid to interpretation and analysis.
1 " 1 2 Korn, Queen, and Wegman ' developed a package of computer programs that assist by performing a variety of useful tasks, extending from such routine operations as tallying base composition and translating between nucleotide and amino acid sequences to complicated searches for approximate homologies, including direct and inverted repeats within a single sequence.
The everyday utility of such programs has been enhanced by widespread adoption of time-sharing computer operating systems which effectively execute programs that at any point can send output to a controlling terminal, then request and await further input or instruction, and immediately upon receiving it resume execution taking many-time-per-second turns at occupying the computer's central processor. An investigator at his terminal can now execute a series of tasks, letting each reflect the results of earlier ones, in immediate and continuing response to the natural flow of reflection and question. Clayton et al. and Sege et al. 4 have cast the Korn-Queen program into this "conversational" form. We shall briefly describe a comprehensive, interactive program package that we have developed. It considerably extends the inventory and power of options offered, including the new algorithms for horoology-symmetry search and 8 9 secondary structure prediction, which are the subjects of separate papers. * It also has a much more extensive capability for analysis of translated protein sequences than any other existing programs of similar purpose. Being programmed in Fortran with all of the calls for operating system action that confer interactivity clearly identified (so that they can be replaced as appropriate to another operating system), it should be highly portable.
THE LOS ALAMOS DMA DATABASE
At Los Alamos National Laboratory a computerized nucleic acid sequence library has been established by Walter Goad and his colleagues. At the moment (July 1981) it contains about 280 published sequences of 370,000 bases. Most of them have been double checked with independently entered sequences in other computer based libraries. Each of our sequence entries is annotated with biologically relevant site information. The analysis package can be called by a general executive program for retrieving, editing, displaying, and, performing various other analytical tasks on the database. A sample run of the analysis package on our database is shown in Fig. 1 , where direct and inverted repeats are found around J gene of phage G4, and they are annotated on the sequence together with initiation and termination codons and a restriction enzyme site.
FEATURES OF THE ANALYSIS PACKAGE
The execution of the analysis package is based on a set of commands which specifies routine selection, input/output file definition, and request for helpful information. As shown in Table 1 a command is an alphabetic mnemonic of one or two letters. A command is common to both nucleic acid and protein sequences, although the actual calculation is usually done in two different routines. Depending on the type of the input file one of them is automatically selected. For example, one can search horaology of two genes by FH command, translate them to protein sequences and store in a file by TS command, redefine this file as the input file by I command, and find horaology of the translated sequences by (the same) FH command. It is this parallel capability for both nucleic acid and protein sequences that makes the analysis package very powerful.
Seif-documentation
The analysis package is an interactive self-explanatory program; a user is always prompted specifically what the computer wants, and he can request help messages if the prompt is not.clear. To get started use R command which We use Dayhoff's amino acid mutation data in related protein families for a set of weights (metric) in protein alignment. It is also possible to define a different metric based on, for example, chemical or structural similarity of amino acids, or minimum necessary base changes in genetic codes. For nucleotides we have a tentative metric which gives alignments of nucleic acid sequences similar to alignments of the translated protein sequences with Dayhoff's data. Although the method is flexible enough to accomodate different weights for transition and transversion, or the same weights for a block of nucleotide deletions, more accumulation of data is required to establish a suitable metric. The basic FH command finds local homologies of two sequences, but it can be applied to the same sequence. FS command is more convenient to search internal homologies within one sequence. It finds direct repeats (homologies on the same strand), inverted repeats or dyad symmetries (homologies on the complementary strands), and mirror symmetries (homologies on the same strand in opposite directions).
Evolutionary distance
The best alignment (minimum distance) of two entire sequences is calcu-12 lated by the Needleman-Wunsch algorithm according to the given metric. In D command the significance of the distance is represented by the standard deviation unit of the distances of a given number of random sequences of the same composition.
The actual alignment of two entire sequences can be displayed by FA command, which also summarizes the numbers of all observed matches, SS command is designed to catalogue all candidates for secondary structures with free energies below a threshold set by the user, which may then be screened by other experimental and theoretical considerations. Thus, the assembly of overall structure is left to the user's discretion. Another way to search possible secondary structures in the analysis package is to use FS comaand and look for dyad symmetries, which of course do not include free energy values. Protein secondary structure Although there may be better methods we use the Chou-Fasman method to predict helices and beta-segments because it is the simplest one to program. In addition, SS command for protein sequences displays the hydrophobicity profile which reveals the clustering of hydrophobic ami no acids, and the periodicity of 3.6 residues in the hydrophobicity profile which locates the 1 fi candidates for amphipathic helices.
SS command also annotates known secondary structures if the datafile contains such information.
DISCUSSION
One of the most challenging problems in developing pattern analysis of nucleic acid sequences is how to extract regulatory information in gene expression. Often conspicuous subsequence patterns are observed, for example, around promoter sites and splicing sites, but they are apparently not suffi-cient information for recognition by other functional molecules. An extensive analysis package on a large-scale database may help find less conspicuous, but equally important, information stored in nucleic acid sequences. In the present analysis package this can be done by applying match, find, and search commands to related sequences or related regions which are known to exercise similar biological functions.
An example of searching symmetry regions within a sequence by FS command is shown in Fig. 1. For homology of two sequences them may exist in the assembled overall structure. Figure 4 is the result of using SS command for the amino acid sequence of 22 bacteriorhodopsin.
Clustering of hydrophobic amino acids and periodic appearance of hydrophobic amino acids are consistent with the seven trans-namely, it is based on the structural data of water-soluble globular proteins, the examination of hydrophobicity profiles may be more widely applicable to different types of proteins.
CONCLUDING REMARKS
The analysis package consists of over 5000 Fortran statements 1n nine programs: one highly interactive controller program and eight non-interactive programs for large calculations. Although some of the features we use, such as the communication between two programs and the dynamic expansion of core size, are beyond the capability of regular Fortran, the entire package may be transportable to other systems (we use CDC 7600) if appropriate routines are written in different languages. Alternatively, a separate program may be run as a stand-alone program. The complete source codes are available upon request.
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